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£ Deputy Director

if,:: for Administration DDA 86-1090
9 June 1986

NOTE FOR: Special Assistant for Development
and Engineering/OIT

SUBJECT: Software

Bill:

I am interested in your comments about the
attached article. Note that it states that
the development of software is a very slow
process compared to the development of
hardware., I think we would both accept this
statement. How do we improve software
productivity?

STAT

WilItam F. Donnelly

Attachment

ORIG:DDA:WFDonnelly:be
Distribution:
0 - Adse w/att.
1 - DDA Subj w/att.
1 - DDA Chrono w/o att.
1 - WFD Chrono w/att.
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Computers are getting more and more powerful, but the pro-
grams that run them cannot keep up. Business and the Pentagon

are taking aim at the problem.

HE COMPUTER REVCLUTION s
at a turning point. Breakthrough arter
breakthrough in physics. semiconduc-
tor materials, and electrical engineer-
‘ng has -reated computers that process in-
‘ormation at ever higher speeds and ever
ower o3t Since 1970 the processing power
»f computers per doilar spent on them aas
-isen a remarkable 30 1 vear. on average.
3ut computers cannot mun wvithout software.
-he ‘ntricate nstructions that reil them 2ow
-0 serform :heir miracies. And sottware 1as
20t <ept up with the stunning improvemeits
‘n aardware. Software productivity, mea-
sured by 2ow quickly developers can churn
Jut usetul programs. has increased at only an
esumated 4% 0 7% annual pace for the past
20 ears. The result: a software gap that s
‘he orincipal barrier to computer progress.
Signs of software trouble are evervwhere.
in 2 Wall Street nightmare last November. 1
siitch in the Bank of New York's software
caused almost 325 billion in government
sonds it 1ad bought to pile up in its account
svernight instead of being sent on to custom-
ers; the bank had to borrow most of :that
1mount rom the Federal Reserve to pay for
-he bonds. at a cost of about 35 million in in-
terest. In February ITT reluctantly aban-
doned U.S. marketing plans for its most
important new product, the Switch 12 tele-
communications system. primarily because
of software delavs. The average backlog of
requests for new data-processing programs
at 125 companies surveved in 1984 was 27
months. vs. 19 months in 1981, according o
REIEARCH ASSCCIATES foan Campo and
3rett Dural Fromson

I by John Paul Newport Jr.

Appiied Computer Research, 1 Phoenix re-
search and publishing firm. Another study
‘ound that 75% of the time businesses never
:se the software orograms they undertake,
=ither because thev never complete them or
hecause they arrive too late.

The situation is critical in the mulitary,
‘where software problems are not just a mat-
zer of lost opportunity but a potential danger
-0 national security. "We are definitely facing
1 software crisis.” says Edward Lieblein, the
Defense Department's director of computer
software and systems. Software is crucial to
-he success of the U.S. commitment to a
nigh-technology defense against everything
‘rom Soviet tanks to ICBMs. According to
-he Institute for Defense Analyses, a private
Washington think tank, 80% of the U.S.
veapons systems in development depend
significantly on sottware.

The Pentagon and its contractors are al-
ready having trouble fielding weapons with
relatively simple software. A major short-
coming of the abandoned Sergeant York
intiaircraft gun was that contractors could
a0t write tracking software sophisticated
enough for it to hit aircraft making evasive
maneuvers. The Department of Defense re-
cently certified that the long-delayed Ad-
vanced Medium-Range Air-to-Air Missile
{AMRAAM) meets its performance specifi-
cations. But the missile has not been fully
:ested in the field and congressional critics
threaten to kill it. at least in part because the
orime contractor, Hughes Aircraft, has not
oerfected the missile’s guidance software.

Software is also the biggest stumbling
block to President Reagan's “Star Wars”
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Without intricate software, the experimentai

antimissile svstem, officiaily called the Stra-
tegic Defense Initiative (SDD). Programming
to control the dispersed weapons, satellites,
and command centers would constitute the
largest and most complex software project
ever attempted. [t could require anywhere
from ten million to 35 million intricately in-
terrelated instructions to computers. A
word-processing program for a personal
computer has about 3,000 instructions, the
Lotus 1-2-3 spreadsheet some 100,000, and
the operating svstem for a tvpical large com-
puter about 500.000. Few software systems
have more than a million instructions. Last
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summer David Parnas. a prominent comput-
er scienust who analyzes complex program-
ming oroblems, resigned from an SDI soft-
ware advisory panel after conciuding that
-ellable software for Star Wars couid never
be built. Most other experts working on SDI
believe reliable software can be developed
with enough time and research money, but
onlv I planners make sottware the para-
mount technical priority. That wouid mean
an about-face for the Pentagon, whose usuai
oractice is to develop weapons arst and hope
software can be written for them later.

The Pentagon spent about 311 biilion last

vear on so-called mission-critical software
ior weapons systems, communications. and
intelligence gathering. The Electronic Indus-
tries Association projects that by 1990 the
amount will more than double, accounung for
roughlv 20 of evervthing the Pentagon
spends on weapons. Unless productivity in-
creases dramaticallv, the association savs, by
then the U.S. could need a million more pro-
grammers than will be available to handle the
job. The solution is more productivity, not
more programmers. Star Wars may seem far
removed from the run-of-the-mill software
problems contronting business, but the basic

goal is the same: (o increase productivity by
dnding ways :0 relieve software developers
of time-consuming drudgerv, so they can
concentrate on rough conceptual problems.
An important first step is giving software
developers computers to work with. Like the
cobbler’s children who have no shoes. most
software designers still work with paper and
pencil because little satisfactory software
has been designed for them. Automation is
the ioundation for almost evervthing re-
searchers have in the wings to improve soft-
ware productivity. Computers will give pro-
grammers instant access to the work of
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Researchers ut Microelectronics & Computer Technology Corp. in Austin, Texas, write on an
ziectronic cnalkboard, part of a computer network they use for studying sortware productivity.

coileagues that relates to their own. for ex-
ample. and help managers collect perfor-
mance daia iand monitor the progress of a
project—:hings thev find difficult if not im-
possible o do today. A number of companies
are beginmung o offer packages that help
automate sottware design (see box). The aim
of the industry is o transform software from
art to engineering. from a handicraft that
commorniy reiies on intuition and trial and er-
ror <0 a discipiine with a body of basic princi-
ples, standardized practices, and rigorous
management control.

The chailenges [oom largest for the Penta-
gon because of -he inherent complexity of

mulitary software. One industry newsletter
reported that an early version of the F-16
dghter's navigation software would have
caused the plane to flip over anvtime it
crossed the equator. That flaw was caught
during computer simulation testing, but
many less dramatic mistakes are not.
Weapons must often be used in unpredict-
able or unanticipated circumstances. Unlike
business data, which programmers feed into
computers n organized, neatly typed fash-
ion, computer input for controlling weapons
must come from sensors like radar or
electrooptical devices. Sensor data pour
forth as millions of raw numbers per second.

The computer software must inalvze the
data and decide whether they describe, say,
an enemvy tank or a friendly Volkswagen. To
be usetul, the software must deliver its ver-
dict n real time—that is. almost instanta-
neousiv. Making matters tougher. the nose
cone »f 1 mussile or the electronics bay of a
fighter provides limited space and electrical
power or data-processing ~quipment. The
I0ITWITT 2WUSE e The lewest Dossible Tens

10 do i3 ;ob. which makes it qarder to design.

" [LITARY SYSTEMS also need
] extra-reliability. Sometimes de-
signers create several different
hd programs that simultaneously
perform the same function. such as control-
ling =n 1urplane’s automatic pilot. If one pro-
gram Zalis, the others take over. Developers
used “2us technique in designing part of the
soirvore for the experimental X-29 hghter,
whose Jorward-swept wing design is 30 aero-
dvnamicaily unstable that three on-board
compuers must adjust the plane’s pitch and
roil 40 imes a second. [f ail three computers
fail. “ze plane would break apart in midair.

Dezense Department analysts recognized
a deczde ago that the proliferation of comput-
ers could create a sottware crunch. but not
until 1934 did the Pentagon require the use
oI Adz. an advanced new computer language.
for 3l new weapons svstems. [n the same
vear iz 2stablished the Software Engineering
[nstizuze at Carnegie-Mellon University o
identfy and apply promising new research
and tecanology that could be useful in every-
day sortware development. A government-
funded venture called STARS (for Software
Techrology for Adaptable, Reliable Svstems)
will spend $250 million over the next ave
vears "o coordinate Pentagon software poli-
cv and sponsor sottware research.

Derense contractors share the Pentagon’s
concern. Last vear 14 of the biggest, includ-
ing General Dynamics, Lockheed. McDon-
neil Douglas. and Boeing, committed 32.3
million each to form the Software Productivi-
ty Consortium in Reston, Virginia. [t will
pool research to perfect advanced software
development methods that members can use
in their work for the Pentagon. Software re-
search is one of the four major projects at
another consortium, Microelectronics &
Computer Technology Corp. of Austin, Tex-
as. Among other things, the company studies
the psychology of teams designing compli-
cated systems. It plans to use what it learns
to design programs that help programmers
build software.

None of these etforts has vet produced an
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enchanted sword that alone will slay the soft-
wvare ragon. The three areas of greatest
sromise ‘or the military are broadening the
qse of Ada, making software reusable, .and
Jdeveioping new techniques for helping com-
suter users speciy at the outset exactly
vhat resuits thev want from soltware.

T TYE THREE. \da s the most
SMpOUriant Wnothe sear Cernu R
§ cower of Ada remains largely un-
discovered by the aerospace indus-
savs Winston Rovce. director of Lock-

v,
qeed' s software technology center in Austin.
Rovee savs companies can achieve 30%
Jains in productivity rhe forst ume thev use
:he language. Designed to Pentagon specii-
sations n che late 1970s. Ada has features
-hat orevent some fvpes of common Dro-

mming errors ind that make programs
tren ‘n it easier ro understand and mudii‘;.

The sreatest hope for Ada. however.
software reusabilitv. something of a Joiv

s
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AFTER CAD, CAM, AND CAE,

a First there were the twins CAD and CAM,
sign and computer-aided manufacturing,
\inked with computer work stations to speed the conception and
sroduction of all sorts of goods. Then came CAE, computer-
aided engineering, which does the same : thing for the design of
slectronic circuits. Now comes software help for designing soft-
ware itseif. The nascent industry is still struggling to find a name
and an acronym. but most people in the business like CASE—
computer-aided software engineering. Industry sales last year

were less than 320 million, but with
1bout one million programmers working
on software development in the U.S.
1lone. the companies expect rapid
growth. One computer marketing re-
search drm estimates the potential mar-
et at 31 hillion a year by 1990.

CASE systems help in the difficuit
sarly stages of software development.

where teams of designers reduce large -

oroblems to successively smaller parts.

“If vou make mistakes in the design
phase, automating what comes later just
means vou're building the wrong sys-
tem three times faster.” says Lou Maz-
zucchelli, chairman of Cadre Technol-
ogies. a Providence. Rhode Island,
maker of CASE products. Other compa-
nies in the business include Index Tech-
nology of Cambridge, Massachusetts;
Nastec of Southfield, Michigan; Know-
tedgeWare Inc. of Ann Arbor: and Hi-

grail in the industry. Using 1 program lor
more than one application is uncommon. One
problem is that even programs in rhe same
computer language are olten incompatible.
ind at last count the Pentagnn. for exampie.
was using a Babel of 400 ditferent languages.
or variations of them. n t3 ~wveapons sy:-
sems. Ada makes it easier "o reuse 2ro-
rrams, partly because proyr. s written :n it
an he run vithout o B
of computers. Obvxou:xj. 4 Uou Can reuse
software that already exists -ather than build
1 program from scratch, vou're mles ahead.”
says Larry Druffel. former Zead of the Penta-
zon's Ada program and now 2 vice pres wdent
»f Rational. a Mountain ‘.'Eew. Callforniz.
company that makes 1 scitware develor-
ment system that uses Ada.

Hughes Aircrait. a subsiciary of Genera
\Motors, was able to reuse T0% of “he 0l
-vare it designed for one forz2ign country
Jefense system in the oniv sightly diderent
1r defense system it bui

it Jor another lor-

L M g WE A A A 3

computer-aided de-
software systems

James McGuire, president of Nastec Corp
shows off his company's DesignAid system.

: gram months

eign client. The savines: 367 o he
cost. But most software »rojects are oot 20
similar. .\ major barrier ‘o retse s smgiy he
difficulty of locating previous Drograms
could be heipful because Thev ddres
same kind of problem: o far they aav
been systematically catalozued. The dre
project of the Sottware Productivity «

tium s 1o design 1 aind of Dewev De

< Tt ‘or

SIS

satttucre T 0T i O
Hegm 1o build sorbware Sbrires.

Nailing down precisely what softwire <ys-
rems are supposed to do is rhe hardest =
of software development 1o nm)m;xtu.
hias the greatest potenrial lor improving 2
duetivity. AT&T's Bell Laboratories :si-

mates that it costs noring "o X an =roorn
“he design phase, S100 ~o ax the same crror
once programmers aave coded T 1nd

310,000 o 4x it in the deld. Often ke
lem is vague speciicatons oy ‘he Serson of
organization that wiil be aanyg the <
rhe late 1970s the Armyv ao TRW

:;rrnb—

sver 6
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NOW COME THE CASE COMPANIES

tech. 1 joint venture of the Hartford Insurance Group and W
LﬁbOfu{Of}Eb All are are privately held.

2 wvpical CASE svstem is made up of five 1) ten separate sro-
grams, collectiveiv called an environment,

chat coordinate “he

compiicated work of software design. The svstem aillows engi-
neers to create on computer screens the dow charts theyv previ-
ouslv drew with pencil and paper. and to all in: ‘he =mptyv hoxes
1nd circles in “he chart with information {rom centrai databases
called dictionaries or

encvclopedias. The dictionaries also ieep

_ track of all of the parts of 1 program and

: the relationships among them. That can

- help enormously in decipl hering the oro-
or vears later when
changes or updates are required.

The biggest advantage of CASE-
based programming may be that it en-
courages teamwork. Joitware design-
ers work independently but share
information through the dictionary.
Rules built into the software check for
inconsistencies in programming prac-
tice, such as forgetting to put all the
pieces together in the fow chart. The
basic software for most CASE systems
costs $5,000 to $10.000; with personal
computers or engineering work stations
to run the software, the cost per engi-
neer comes to $15.000 or more. CASE
companies claim the investment can in-
crease productivity in software deveiop-
ment 100% to 300<.
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Software developers /ike tiiese at the Hartford Insurance Group have boosted programming
oroductivity 27%. The company marrets its computer network sysiem with Wang Laboratories.

million o build a huge communications svs-
rem called BETA tfor Bartlene:d Exploitation
and Target Acquisition). BETA was to gather
and assimilate data from manyv sensors and
dispiav the results to help commanders in
the deld make decisions. “The svstem did
exactly what the Army thought it wanted the
system :o do,” says Larrv McLaughlin, a
manager of engineering technology at TRW,
“The trouble was. no one could use it. It
Zave them too much information.”

To avoid such disasters, TRW and other
companies are pioneering a process called
rapid prototyping. The idea is o give users
the look and feel of a real svstem before it is

B T

! “Declassified in Part - Sanitized Copy Approved for Release 2011/12/20 : CIA-RDP88G01332R000800960020-7

built. TRW's orototvper. which contains
750,000 computer instructions, enables cus-
tomers to piav with simulated versions of
programs theyv want TRW to build. Naval or-
ficers using "he prototyper :o develop a ship-
tracking and ocean-surveillance system re-
cently found they could get by with a single
high-resolution displav screen instead of
with two.

While the Pentagon and defense contrac-
tors such as Lockheed, TRW, and Boeing are
pouring millions of dollars into these projects
and into still more advanced software re-
search to leaptrog bevond the current state
of the art. the civilian world is concentrating

on *he 2272 and now. Some commercial en-
terprist: tave adopted solutions that are
more _zvinced in many respects than mli-
tary pro-wces. In the late 1970s the Hartford

Insurazzz Jroup found itzelf squeezed by
progrimming oroblems oven though the
staff int Zudget for software development

. = 257%. So -he company bewgan a
crash -7 zram to apply the latest program-
NG T oo oods, such s ceusing varts of old

oo

5. e--

2= REDUCTIONS in program back-
;3 were so encouraging that the
nany. working with computer
mzzer Wang Laboratories. is aow
~rough phase two: installing com-
< stations and sophisticated sott-
1:ages for evervone in its software
celezment Jepartment, secretaries and
progr: 3 1like. The company savs initial
arodu o ozams of 27% snhould increase
with 27 <mlence and repayv the oroject’s $18-
mulion .2:7in 18 months. Backlogs have de-
clined :r2zer. and by 1987 the software de-
velopmzn: department wiil have reduced its
payro. (rm more than 1,200 to 1,000,
Finzmal and  telecommunications net-
Wworks. Lrine reservation svstems. and fac-
TOrv Lt ~ation must operate at high speed
with reilability. As a result, eompanies
n thess ireas are doing much soltware re-
searcl To2i mimics what is being done by the

muilitar. Zeneral Motors. with the help of its
acquisi. 2, Electronic Data Systems. is
spendin: ullions of dollars ro develop soft-

ware 7 niegrating a muititude of factory
automz::n tasks into a single system, a chal-
‘enge = 7 uniike that facing builders of iarge
militar ~ommunications svstems. AT&T's
Lo oratories nas 3.000 people in soft-
s2arch, including one ream develop-
-0 catalogue sottware components
232 i telecommunications networks.

~ear term, savs Barrv Boehm. chief
engirezr I TRW's systems development di-
vision. T0st organizations could double soft-
ware roductivity using nothing more than
zhe bes: :oftware practices and technoiogies
aireac :vailable. A pilot project under
Boeh ' direction at TRW has increased
producz ity by 40% since 1932, The primary
ler 1) progress is not so much technol-
what Dan Appleton, president of a
-2les consulting firm, and others call
w problem’”: getting top executives,
whom rose through the ranks before
the sciwvare gap developed, to understand
the scware challenge and commit them-
selves 1> meeting it. a

v

e R T T
~-

<

-

T . -,

ey RaR T




